Four analytical methods for determination of cation exchange capacity (CEC) in tropical soils were tested, aiming to define what the most appropriate based on the requirements: analysis time, degree of reliability and cost of operation. A total of 444 soil samples from the Amazon rainforest and Atlantic rainforest were analyzed in eleven soils types. Organic matter, pH and ions Na + , K + , Ca 2+ , Mg 2+ and H + +Al 3+ were also analyzed. The influence of the action of fire on the release of ions to the soil was also tested. The results indicated that there was a momentary increase in CEC in the soil after a fire. Tropical soils have a high humidity and acidity, contributing to an overall increase of CEC. Adverse climatic conditions in the tropics affect soil properties, so that practical methods and low cost have the advantage that they can be applied periodically to analyze the quality of the soil.
Introduction
The determination of cation exchange capacity (CEC) is an important tool in studies of erosion, retention of pollutants and waste, and has wide applicability in soil mechanics. Studies on agricultural productivity, includes determining the degree of fertilizer and soil adjustment practices necessary before a crop. The CEC is now widely used in the characterization and study of soil fertility. By analyzing the CEC of a soil, the cost of application of nutrients (NPK) and calcareous can be significantly reduced.
The CEC is defined as the ability of a particle to change positive bases with the environment in which the particle interacts. Cations have the ability to be exchanged for another positively charged ion from the surfaces of clay minerals and organic matter. The most important exchangeable cations in the soil are calcium (Ca 2+ ), magnesium (Mg 2+ ), sodium (Na + ), potassium (K + ), hydrogen (H + ), aluminum (Al 3+ ) and ammonium (NH 4 2+ ). The CEC can directly influence the changes in soil pH, because every time the clay particles capture cations release H + and Al 3+ ions, which in high concentrations acidifies soil. Generally, tropical soils have low CEC, especially for high sandy and low pH soils. Minerals as oxides of aluminum, iron and manganese that are very abundant in tropical soils also contribute to the low CEC. In these cases a greater investment in fertilization, especially with humic compounds becomes necessary.
There are several methods for determining the cation exchange capacity in soils and sediments, including classical methods by titration with or without control of pH of the solution (Bascomb, 1964; EMBRAPA, 1987; Jackson, 1962; Pejon, 1992) through the nephelometric method (Adams and Evans, 1979) , use of radioactive isotopes (Francis and Grigal, 1971) , complexation and cation exchange method using salts of barium, copper or magnesium (Bergaya and Vayer, 1997; Méier and Kahr, 1999; Tucker, 1954) , or the comparative analysis of the cations Na + , K + and Mg 2+ of the calcareous soils and clays by atomic absorption spectrophotometry (AAS) (Dohrmann, 2006a,b) . Of all the known methods, the ammonium acetate method of Lewis (1949) is the most widely used method which is very effective not only for clay soils but also for sandy soils containing insoluble elements such as quartz, mica and feldspar. The major difference, however, is to use a method that is fast, reliable and of low cost, allowing analysis of a large number of samples in a single sequence.
The methods for determining the CEC can be classified into direct and indirect analysis. The method of direct determination is based on the saturation of exchange complex with a cation of reference, followed by their extraction and analysis, while the indirect method of determination is based on analysis and further sum of exchangeable bases extracted into solution with control pH. This study is aimed to analyze the cation exchange capacity in different tropical soils of the Amazon and Atlantic rainforest, applying four methods in order to identify the most appropriate method for the tropics, based on the time for analysis, degree of reliability and cost of operation.
Material and Methods

Study Area
For comparative analysis of methodologies soils of the Amazon rainforest and Atlantic rainforest (Mata Atlântica) were used. In Amazon rainforest the area of soil sampling was concentrated on Sustainable Development Reserve of Tupé -SDR Tupé (02°57'-03º03'S and 60º12'-60º19'W, Figure 1 ), located at the left margin of Negro River, located at about 25 km straight from the Manaus city (Amazonas State, Brazil), at an average altitude 20 m above sea level, and a total area of 11 973 hectares. The SDR Tupé is covered by dense rainforest and in accordance with Radam-Brazil (1978) were identified three phytoecological regions evidenced by classes: Campinarana formations, Dense Tropical Forest and Open Tropical Forest, and further flooded areas of accumulation. According to Köppen (1948) , the climate of the region is mostly classified as "Am" constantly hot and humid, with average annual temperature of 28±4 °C, and rainfall mostly occurring between December and April with an average of 2210 mm yr -1 .
<Figure 1>
Soil samples were also collected from the campus of Federal University of São Carlos -UFSCar (21º58'-21º59.5'S and 47º52'-47º53.2'W, Figure 2 ) lying in one of the last areas of Atlantic rainforest of Southeastern Brazil. It is located on very jagged highlands to the North and South by lines of cliffs, at an average altitude of 850 m above sea level, with a total area of 710 hectares. Today little of the original vegetation remains in the sampled area, which was composed of Mesofoliada Forest, Araucaria Forest and grassland and scrubs in the lower regions. Agricultural and pastoral areas are found partly invaded by typical vegetation of Cerrado. According to Köppen (1948) the climate is mostly classified as "Cwa" subtropical with dry winter and hot summer. The average annual temperature is 21 °C. The rainy season occurs between October and March, concentrating 81% of the total annual rainfall of approximately 1520 mm on average.
<Figure 2>
Methodological Procedures
The sampled soils were classified according to the Brazilian System of Soil Classification (SiBCS) based on the work of EMBRAPA (1999, 2005) . In the Amazon rainforest were identified and sampled the following soils: Dystrophic Yellow Latosol (LA); Dystrophic Oxisol (LVA); Alissolo Chromic (AC); Acrisol Dystrophic (PVA), and Haplic Plinthosol (FX, Figure 1 ). In addition, sediments from sandy ridges (Sd) that extend to the left bank of the Negro River on the edge of SDR Tupé were sampled. In the area of Atlantic rainforest were identified and sampled the following soils: Dystrophic Oxisol (LVA); Dystrophic Red Latosol (LV1); Acrustox Red Latosol (LV2); Histosols Mesic (OY); Dystrophic Haplic Gleysol (GX), and soil rich in quartzite (RQ, Figure 2 ).
Soils were sampled at 12 locations inside the Amazon rainforest and 25 locations in the Atlantic rainforest. At each location, samplings were made at each meter from the surface to five meters deep (total 6 depths).
Locations that were not altered by the presence of roads and trails or by flooding were chosen. From every location two subsamples were taken for the test comparing the methods adopted. A total of 144 subsamples for soils of the Amazon rainforest (12 locations x 6 depths x 2 subsamples) and 300 subsamples for soils of the Atlantic rainforest (25 x 6 x 2) were analyzed, which were dried at 55 °C and passed through a sieve of 2 mm mesh size before application of analytical procedures.
Soil organic matter (OM) was determined by acid extraction method (Jackson, 1962) by placing 100 g of soil in a beaker with 50 ml of 30% hydrogen peroxide and warming at 80 °C, making additions to H 2 O 2 when necessary. The calculation of the amount of organic matter was done by the difference in mass of dry sample before and after oxidation. The organic carbon (C org ) was determined by Walkley-Black procedure (Jackson, 1962; EMBRAPA, 1987) 
Method 1: Determination of CEC by adsorption of methylene blue
Methylene blue is an organic and cationic dye, and according to the "Merck Index" shows the composition C 16 H 18 N 3 SCl.3H 2 O, named hydrochloride metiltiamina. The method of adsorption of methylene blue is based on the procedure cited by Pejon (1992) , and allows both the determination of CEC and specific surface of clay minerals. Methylene blue solution was prepared in a balloon by adding 1.5 g of dye to 1 liter of distilled water, and thoroughly shaken to obtain a homogeneous solution. Two grams of soil was placed in a 50 ml beaker containing 10 ml of distilled water and, stirred vigorously. The methodological assay began by adding 0.5 ml of methylene blue solution to the beaker containing the soil mix. After 3 minutes, a drop of the suspension material was removed with a glass rod, and deposited it on Millipore filter paper. When a light blue halo around the dark patch of soil appears on the filter paper, the test is over. The calculation of CEC was obtained by equation 1 (Zuquette et al., 1987) .
where: CEC (mmol c kg -1 ); V is the volume consumed of methylene blue solution (ml); C is the concentration of methylene blue solution (N), and M is the mass dry soil (kg).
Method 2: Determination of CEC by methylene blue with pH control
For the determination of CEC the Georgim Kaolin Ltd, method in accordance with procedures established by the Manu al of Methods of Soil Analysis EMBRAPA (1987), which allows to calculate both the cation exchange capacity and the specific area. In a 500 ml erlenmeyer flask was weighed 0.5 g of soil sample was taken to which 300 ml of deionized water was added. The solution was mechanically agitated to form a homogeneous mixture. For Oxisols it is suggest the addition of three drops of 0.5 mol l -1 of Na 2 CO 3 to increase homogeneity. Then the pH of the suspension was reduced with a standard solution methylene blue (3.7 g l -1 ) in a 1:1 ratio with the mixture. After each addition, the suspension was stirred for two minutes and after was placed a drop of suspension material in a Millipore filter paper. This procedure continued until a light blue halo around the dark patch of soil on the filter paper appeared. The calculation of CEC was obtained by equation 2.
where: V is the consumed volume of methylene blue in mmol, and M is the mass of dry soil sample (kg).
Method 3: Determination of CEC Using of Acetic acid
According to Jackson (1962) , CEC of the soil can be estimated in presence of acetic acid, and the change of pH measured to determine the amount of H + removed from solution by comparison with a calibration curve of the pH of acetic acid. Initially, it was prepared a 1 mol l -1 acetic acid solution with deionized water and its pH was determined. Then a 2.5 g of soil, was placed in a 50 ml beaker with 25 ml of acetic acid, and stirred for a period of one hour using a mechanical shaker. After agitation, the mixture was left undisturbed for complete sedimentation of the soil particles. Then the pH of the supernatant was read, which was the same of the mixture practically. The pH of the acetic acid solution was also determined simultaneously. This method could also be used for sediments. The calculation of CEC was obtained by the equation 3 (Jackson, 1962) .
where: CEC = mmol c kg -1 of exchangeable metal cations, and M equals 0.1 kg of dry soil or sediment.
Method 4: Determination of CEC by Ammonium Acetate
The ammonium acetate method described by Truth (1956 ) is a method of direct calculation. In a 50 ml erlenmeyer flask a 2.5 g of soil sample was taken to which 25 ml of 1N ammonium acetate was added and left undisturbed for 5 minutes. Later successive washes were performed with 25% ethyl alcohol. The ammonia retained was removed with 100 ml of solution 1N NaCl plus 0.005 N HCl. The pH mis of the mixture was determined in a soil:water:buffer mixture (1.0:2.5:0. For comparison of the results of CEC to the methods that do not have a control the results were adjusted to neutral pH (pH = 7.0), allowing linear regression analyses between the four methods tested. The CEC results obtained for the types of soils were analyzed under the descriptive aspect, in order to verify their measures of central tendency and variability. To check the magnitude and direction of the association between the methods tested, two methods, without any degree of dependence was taken and Pearson correlation coefficient (r), was performed to evaluate the degree of dependence of the ionic components applied to linear regression. Table 1 summarizes the results obtained of CEC and organic carbon and its relationship to pH and major ions that comprise the cation exchange capacity of the soil. The CEC values ranged from 8.61 mmol kg -1 in the sandy soil (Sd) found on the left bank of the Negro River, and 62.25 mmol kg -1 in Dystrophic Yellow Latosol (LA) located in the SDR Tupé, both soils of the Amazon rainforest. The Oxisol soils had the highest values of CEC, and there may be a strong correlation of CEC with the high concentrations of clay present in these soils, since the clay on its surface has a strong negative charge, which attract positively charged cationic elements. The Oxisols of the Amazon region, especially in the area of the floodplain, whose sediments are derived from the Andean and Pre-Andean regions, have a high concentration of iron (Fe 2+ /Fe 3+ ), and other metallic elements, all strongly aggregated to particles of clay. It is considered the cation exchange capacity of a soil as the sum of all exchangeable bases. In this condition, the main exchangeable bases in both environments studied were the complex H + +Al 3+ and Ca 2+ ions. some grasses. On the other hand, the soils LA, LV and LVA ensure a greater flow of ions of soil to plant roots, creating favorable conditions for the emergence of a diverse floristic composition. That floristic composition contributes with residues (leaves, twigs, fruits) to form a litter layer rich in organic matter on the soil, further increasing the cation exchange capacity.
Results
Tropical soils are generally acidic, as demonstrated by the analysis of pH (Table 1) , interfering with the ion exchange especially in environments rich in organic matter, either occurring naturally or by fertilization. There is a strong relationship between the CEC and the pH of the soil, as the soil pH increases with the increasing concentrations of CEC. This is a very important condition for cultivated areas in tropical regions where the soil is usually acidic. Correction of the soil pH with calcareous to 6.5, for example, facilitates the increase of cation exchange, allowing greater absorption of nutritional elements (macro and micronutrients) by plant roots. Among the most favored element is the phosphorous, the maintenance of soil pH close to neutral condition provides an optimal cation exchange capacity condition to bioavailability of phosphorus.
<Table 1>
The main determinants of CEC are clay and organic matter. This is because both have a negative electric charge strong enough to attract the positively charged cationic elements. Soils with different contents of clay minerals and organic matter have different values of CEC. The Pearson's correlation analysis presented in Figure 3 confirmed that there was significant correlation between CEC and organic elements, organic matter (R 2 = 0.7123 and Pearson r = 0.8440) and organic carbon (R 2 = 0.7139 and Pearson r = 0.8449), showing that soils rich in organic matter have high values of CEC. The points that were different from the curve were identified as belonging to the soil Dystrophic Haplic Gleysol (GX) and Dystrophic Yellow Latosol (LA).
<Figure 3>
Correlation analyses were applied to the four methods tested in pairs, to assess the degree of association between the methods (Figure 4) . The results indicated that the correlations made between the methods 1x2 ( Figure 4A ) and between the methods 1x4 ( Figure 4C) were the most significant, with R 2 = 0.9646 and R 2 = 0.9671, respectively. On the other hand, all the correlations involving the method 3 showed the lowest degree of significance, probably due to high variation of results obtained by this method. The preliminary results presented in Figure 4 suggest that any of the methods 1, 2 or 4 could be adopted without significant loss of information for the analysis of CEC.
<Figure 4>
With respect to the analytical methods used to determine the cation exchange capacity of the soils, analyzing Figure 5 , it can be noted that the four methods tested had a very similar trend to the response depending on the type of sample. However, a closer examination revealed that methods 1 and 4 showed, in most samples, the highest concentrations of CEC in mmol.kg -1 , often with overlapping results. On the other hand, Method 3 had always as a result concentrations below the levels determined by the other methods, indicating there could be loss of sensitivity for detecting the levels of CEC in the analysis. The losses were more significant for the soils riches in quartzite (RQ) and sandy soils (Sd), where the levels of CEC were naturally lower for all four methods tested. The RQ and Sd soils have, under natural conditions, low levels of organic compounds and clay minerals, with predominance of quartzite, silt and mud. Therefore, the method adopted must have good sensitivity to determine low concentrations of CEC. Another important aspect shown in Figure 5 is that the methods 3 and 4 had high variation of concentration of CEC in relation to the results obtained by the other methods (methods 1 and 2). The hypothesis of contamination of samples can not be discarded. However, since the variation of results was not constant for all samples, nor for the four methods used, it must be assumed that the loss of sensitivity in the detection of the methods 3 and 4 is the most coherent explanation. The variation in results may be associated with the fact that Methods 3 and 4 require a control of the pH of the mixture [solution + soil sample], so that an error by the operator or an inability to stabilize the pH of the mixture may cause variations mentioned. <Figure 5>
Discussion
Knowledge of the CEC in the soil can be of great importance to characterize the soil on the content of ionic elements, concentration of clay and mud, texture, degree of compression levels of porosity and permeability, and supply information about the possible need for fertilizer and correction of the soil acidity.
The CEC is an important soil property. High CEC may indicate high levels of clay, low permeability and internal drainage, due to high soil compaction. Already low levels of CEC may indicate a soil texture ranging from clay-sandy to sandy, with variable grain size and high permeability. Soils with low CEC, when they receive large www.ccsenet.org/jas Journal of Agricultural Science Vol. 4, No. 6; 2012 volumes of rainwater to leech some of the ionic elements distributed in the A horizon by leaching, leaving the soil depleted in nutrients. It is for this reason that sandy soils lose much more ionic elements (free form), which could be distributed to plant nutrition, than the clay soils and/or rich in organic compounds. Sandy soils of the Cerrado of the Amazon, whose pH ranges from slightly acid to acid, as leachate soils with low organic matter and clay, have few colloids or aggregate to retain the elements in ionic form, and therefore should receive fertilizer in levels largest and most fractionated before a crop. In these cases, the practice of fertilization is not enough, because the ions will not be held by the soil in case of rain. It is necessary with the application of a fertilizer to practice the introduction of plant cover (live coverage and/or mulch) which is essential to protect leaching of the soil, thus increasing the capacity of cation exchange in crops. Soils with organic matter percentage above 17% are classified as organic soils, and have high CEC, raising the nutritional potential of the surface layers of soil. Generally, soils with high CEC have color ranging from dark brown to black due to the high lignin content of organic matter. This soil with high organic matter content is not necessarily productive for agriculture.
The correct determination of the CEC of a soil is difficult due to several methodological problems. CEC is strongly dependent on physical-chemical variables such as pH, salinity and alkalinity of the soil, and partly independent of temperature, pressure, composition and concentration of electrolytes (Bache, 1976) . Considering factors such as an occasional rain, sunshine with increased loss of soil humidity or burning all can change the physical-chemical properties of soil, even briefly. The determination of the CEC should be understood as a momentary estimate of the composition cationic elements of the soil. Practice of burning of the Amazon forest affect the concentrations of aluminum in the soil after the fire, making the soil temporarily more acidic with high levels of ionic elements available, as shown in Figure 6 , which presents a linear regression analysis between H + -Al 3+ /Ca 2+ and CEC in Dystrophic Oxisol (LVA) of the Amazon floodplain, before and after the burning of a stretch of forest. The results of the analyses showed that the levels of Ca 2+ and H + +Al 3+ had an increases in their concentrations in the soil immediately after the fires, which play a crucial role in the release into the soil of the elements retained in the plants that made the vegetation of the area. The average increase in Ca 2+ concentration was 35.9%, and to the complex H + +Al 3+ the average increase was 12.9%. The CEC had an average increase of 18.6%, although it is possible that this increase in ionic concentration of the soil is only momentary, so that settling processes of decomposition, bacterial uptake and germination of seedlings, the ionic charge of the land return to its normal balance. There was an intense loss of the ionic charge of the soil to the environment by the action of winds and rain water, which transport ions along with the ashes of burned to streams and rivers. The idea that the ionic concentrations in the soil increase with burns, has contributed to the maintenance of this practice in many tropical regions. However, besides the fact that the ionic concentrations rise only briefly, which can be removed from the soil by external actions (wind and rain), there is the problem of destruction of macro and microorganism responsible for process decomposition and nutrient cycling by the action of fire. In other words, burning helps the loss of soil productivity, loss of ions and destruction of decomposing organisms, revealing a false increase of CEC in soils immediately after the action of fire. <Figure 6> Soils containing high content of calcite, a mineral very common in tropical areas, release Ca 2+ in favorable conditions of soil moisture and pH, resulting in abnormal results in the analysis of CEC. According to Dohrmann (2006b) , the determination of CEC in samples containing carbonate minerals such as calcite and dolomite, is problematic because the Ca 2+ released by dissolution of carbonates during the analysis of CEC affects the accuracy of results. Soils containing minerals illite and vermiculite do not exchange their cations easily and immediately (Malcolm & Kennedy, 1969) , requiring a very restricted acidic condition to occur change. CEC analysis methods that use pH control (buffering) to determine the concentration of cations can not determine the correct concentration of CEC. Methods that make use of chloride salts or barium carbonate to determine the CEC must have the calculations corrected for possible analysis in calcareous soils.
An evaluation of the cost analysis of the studied methods it showed that the costs for sample varied between US$ 27.90 for the method 1, US$ 31.41 for the method 2, US$ 36.36 for the method 3, and US$ 41.54 for the method 4, including the cost of energy, reagents and equipments of operation. Thus, considering the analysis time, degree of reliability and cost of operation, the proposed objectives to determine the best method of analysis of CEC, the results indicated that the more simpler and practical method, with low operating costs, faster to process, and does not require control of pH indicator solution (methylene blue), nor the mixture (solution + soil) was the method 1. The results obtained also show that the method 1 presented a lower variation in the concentrations of CEC inside the same group of soils and group of samples, indicating good sensitivity for analysis. There are several methods for determining the CEC, as previously mentioned, and some of these 
